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ABSTRACT 


Gamma  plutonium  is  found  to  be  orthorhombic  with  eight  atoms  in  a  unit  cell  of 
dimensions  (at  226^C )  a^  =  3.1518  kX,  a^^  =  5.7568  kX,  a^  =  10.142  kX.  The  calculated 
density  is  17.13.  The  space  group  is  Fddd  and  the  positions  of  the  eight  atoms  are: 
(OCO)  (0  1/2  1/2)  (1/2  0  1/2)  (1/2  1/2  0)  (1/4  1/4  1/4)  (1/4  3/4  3/4)  (3/4  1/4  3/4) 
(3/4  3/4  1/4). 

Each  plutonium  atom  is  bonded  to  ten  others  at  an  average  distance  of  3.152  kX, 
four  being  at  3.020  kX,  two  at  3.152  kX  and  four  at  3.285  kX. 
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The  coefficients  of  thermal  expansion  are  found  to  be  =  -22.5  x  10  ,  = 

+47  X  10'®,  =  +94  x  lO'® 


THE  CEYSTAL  STEUCTUEE  OF  GAMMA  PLUTOEIUM 


By 

W.  H.  Zachariasen 


The  crystal  structure  is  known  for  only  two  of  the  five  allotropic  forms  of  plutonium 

metal.  The  delta  modification  is  cubic  face -centered  ^  with  a  =  4.63  A  ^  (at  350^C  ),  and 

^3  o 

the  epsilon  form  is  cubic  body-centered  with  a  =  3.63  A  (at  510  C  ). 

Satisfactory  X-ray  diffraction  patterns  of  the  alpha,  beta  and  gamma  forms  of  plutonium 

have  been  available  for  several  years.  However,  the  indexing  of  these  powder  patterns  has 

proved  to  be  a  very  difficult  task.  The  indexing  of  the  pattern  of  gamma  plutonium  given 

in  this  report  succeeded  only  after  a  great  many  hours  of  intensive  work.  The  patterns  of 

alpha  and  beta  plutonium  have  not  yet  been  interpreted. 

Table  1  gives  the  observed  intensities  and  sine  squares  as  obtained  from  a  powder 

diffraction  pattern  of  gamma  plutonium  taken  with  CuKo? -radiation  at  226*^0.  The 

2 

doublet  is  separated  for  sin  07^0.400,  and  the  measurements  refer  to  the  stronger  component. 
The  observed  sine  squares  fit  the  quadratic  form 

sin^e  =  0.05948  +  0.01728  h|  +  0.005745  h|. 

The  corresponding  orthorhombic  unit  cell  has  dimensions  aj^  =  3.1518  —  0.0004kX,  a2  = 

5.7568  -  0.0008kX,  a„  =  10. 142  -  0.002  kX.  Since  the  experimentally  determined  density 

O 

is  17.0,  the  unit  cell  contains  eight  atoms.  The  calculated  density  is  p  =  17.13. 

The  translation  lattice  is  face -centered  as  shown  by  the  fact  that  reflections  are 
present  only  from  planes  for  which  are  either  all  even  or  all  odd.  It  is  further 

seen  from  Table  1  that  reflections  are  missing  from  planes  with  H2  all  even  unless 
IH.  =  4n. 

According  to  these  systematic  absences  the  plutonium  atoms  are  arranged  on  two 
interpenetrating  face -centered  lattices  displaced  relative  to  each  other  by  one -fourth  of  the 
body  diagonal.  The  positions  of  the  eight  atoms  in  the  unit  cell  are  thus;  (0  0  0)  (0  1/2  1/2) 
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(1/2  0  1/2)  (1/2  1/2  0)  (1/4  1/4  1/4)  (3/4  3/4  1/4)  (3/4  1/4  3/4)  (1/4  3/4  3/4).  This 
atomic  configuration  corresponds  to  the  space  group  symmetry  Fddd  the 

eight  plutonium  atoms  structurally  equivalent.  A  perspective  drawing  of  one  unit  cell  is 
shown  in  Figure  1. 

The  last  column  of  Table  1  gives  the  intensities  calculated  from  the  formula 

,  ^ 1 2  1  +  cos^20 

^^1^1  sin^^cos^ 

The  absorption  and  temperature  factors  have  not  been  taken  into  account.  Observed 

and  calculated  intensities  should  accordingly  be  compared  only  for  neighboring  reflections. 

The  crystal  structure  of  gamma  plutonium  is  unlike  that  of  any  other  metal.  Each 

plutonium  atom  is  bonded  to  ten  others  at  approximately  the  same  distance,  as  illustrated 

in  Figure  2,  The  individual  interatomic  distances  are  (at  226^C ):  Pu  -  4Pu  =  3.020  kX,^ 

Pu  -  2Pu  =  3.152  kX,  Pu  -  4Pu  =  3.285  kX.  The  average  distance  of  Pu  -  lOPu  =  3. 16A 

o  o 

compares  to  Pu  -  12Pu  =  3.27A  in  delta  plutonium  and  Pu  -  8Pu  =  3.15A  in  epsilon  plutonium. 

When  allowance  is  made  for  the  effect  of  coordination  number  one  finds  a  metallic 
o  o 

radius  of  1.60A  for  plutonium  in  the  gamma  form  as  compared  to  the  radius  1.63A  in  delta 

plutonium.  The  difference  in  radius  for  the  two  forms  is  possibly  due  to  the  fact  that  the 

transition  from  the  delta  to  the  gamma  form  is  accompanied  by  the^  promotion  of  a  fraction 

of  an  electron  from  the  5f  to  the  6d  level.  From  the  value  of  1.60A  for  the  radius  of 

plutonium  in  the  gamma  form,  one  would  estimate  that  there  are  about  three  electrons  in 

the  5f  shell. 

Normal  to  the  a^-axis  there  are  pseudo -hexagonal  layers,  the  a^ -period  corresponding 
to  four  times  the  layer  separation.  The  bond  lengths  within  a  layer  are  3. 152  kX  and 
3.285  kX.  The  bond  length  between  layers  is  3.020  kX. 

Table  2  shows  the  variation  of  the  unit  cell  dimensions  with  temperature  in  the  range 
161^  -  265°C,  and  Table  3  gives  the  deduced  values  of  the  three  principal  coefficients  of 
thermal  expansion. 


TABLE  2.  UNIT  CELL  DIMENSIONS  (.IN  kX ) 
AND  CALCULATED  DENSITY  AT 
VARIOUS  TEMPERATURES 


3.1568 

5.7400 

10.083 


3.1527 

5.7475 

10.111 


3.1518 
5.7568 
10. 142 


3.1490 
5.7670 
10. 180 


Accuracy 
io.0004  kX 
-0.0008 
-0.002 


TABLE  3.  COEFFICIENTS  OF  THERMAL  EXPANSION 

10®  ■  22.5  i  1.0 

in®  a  .  +  47  i  2 


+  94  i  4 
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